ABSTRACr The density and percentage of degranulated cells of the mast cell population were studied in the isolated lungs of 25 monkeys (Macaca radiata radiata) before and after acute exposure to cigarette smoke. In each animal one lung was used as the test lung while the other lung was used as its control. In the control lungs the total mean mast cell count was 9*5/mm2 and the proportion of degranulated cells was 9-7%. In the lungs exposed to smoke the total counts were lower (7.3/mm2) and the percentage of degranulated cells higher (15-8%). These differences were statistically significant (p < 0-01) and show that after acute exposure to cigarette smoke there is a degranulation of lung mast cells. Since degranulation is accompanied by local release of histamine, which could act on the smooth muscle of the airways, it is suggested that this may be a mechanism by which smoking-induced acute bronchoconstriction is mediated.
Among the many harmful effects of cigarette smoke on the airways is the development of obstruction to airflow.' Several factors, including altered surface tension forces and inflammatory changes with excessive mucus secretion and oedema, have been thought to play a part in causing this obstruction. 2 The immediate effect of smoking, however, is a prompt and reversible bronchoconstriction,3 suggesting that smooth muscle contraction may also be concerned in the development of obstruction. One of the mechanisms by which smooth muscle contraction is mediated in the lung is through the action of histamine.4 Some studies have indicated that histamine may play a part in mediating smokinginduced bronchoconstriction.56 The chief reservoir of histamine in the normal human lung is the mast cell4 and degranulation of these cells has been shown by many studies to be associated with histamine release.' Hence it is attractive to postulate that smoking-induced degranulation of lung mast cells with local histamine release might be a mechanism by which bronchoconstriction occurs. This study was undertaken to test the hypothesis by enumerating the lung mast cell population before and after acute exposure to cigarette smoke.
Methods
Freshly excised monkey lungs were used as the experimental material because they were easily available and their lung structure and airway subdivisions have a general similarity to those of human lungs." Twenty-five Macaca radiata radiata monkeys (10 females and 15 males) weighing from 1-5 kg to 4*5 kg were used. The animals were anaesthetised with intramuscular nembutal, 30 mg/kg and the lungs with main bronchi and trachea were removed en masse.
One lung from each animal served as the test lung while the other served as its control. The lungs were separated at the carina, gently wiped free of blood, and weighed. They were then cannulated and ventilated independently and simultaneously with Starling respirators at identical rates of 1 5/min and similar volumes. The ventilatory volumes used for the lungs from different animals ranged from 50 to 100 ml, depending on the size of the lungs. The control lung was ventilated with humidified air, while the test lung was ventilated with humidified cigarette smoke from two cigarettes, both for 15 minutes. Humidification was achieved by passage through moist chambers connected to the respirators. The smoke and air at the respirator outlet connected to the lung were at room temperature. The test lung was the right lung in 13 animals and the left lung in (pH 6.8-7.0)9 at a constant pressure of 30 cm H20 for 24 hours. Since the expansion of the lower lobes was always more nearly optimal than that of the others, representative blocks of tissue from identical areas were taken from the lower lobes and paraffin embedded. Sections of Sum were stained with 0-5% thionine in 20% ethanol, mounted in DPX mountant, and coded.
Enumeration of mast cells was performed with a x10 eyepiece and X40 objective lenses. All the mast cells (parenchymal, perivascular, and peribronchial) in a single section were counted and categorised as "intact" and "degranulated" 
Results
The weights, total mast cell counts, and percentage of degranulated mast cells of the control lungs and test lungs are shown in the table. Although in all instances the right lungs were heavier than the left, since 12 right and 13 left lungs were exposed to smoke while 12 left and 13 right lungs acted as controls the mean weight of the control lungs was not significantly different from that of those exposed to smoke. In the control lungs the total mean mast cell count was 9-5/mm2 and the proportion of degranulated cells was 9.7%. This degranulation observed in the control lungs could be attributed partly to physiological degranulation and partly to degranulation due to the experimental procedures, as has been reported for blood basophils." The total counts were lower (7.3/mm2) and the percentage of degranulated cells higher (15-8%) (p < 0-01) in the lungs exposed to smoke than in the control lungs.
Discussion
These results show that after exposure to cigarette smoke there is a degranulation of lung mast cells. Since mast cell degranulation is associated with histamine release7 this suggests that cigarette smoke causes bronchoconstriction by histamine release from mast cells. The mast cells in the lungs are distributed in the parenchyma, around the airways, and around the blood vessels. In the airways and parenchyma mast cells are mostly subepithelial.8 10 Evidence that cigarette smoke could reach the subepithelial location of mast cells comes from the study of Simani et al, 12 who showed that in guineapigs the respiratory epithelium at all levels becomes more permeable after exposure to cigarette smoke, owing to separation of cell junctions. Once some histamine has been released because of degranulation of mucosal mast cells, it could further alter the integrity of the mucosal barrier48 and permit the Mast cell density and percentage degranulation in isolated monkey lungs exposed to cigarette smoke and control lungs smoke particles to reach and activate the more deeply placed mast cells. Histamine has been shown to have a range of varied actions on the mammalian lung. Intravenous histamine produces increased pulmonary resistance and decreased compliance in the unanaesthetised guinea-pig, medicated dog, and resting human subjects, by direct and reflex mechanisms acting on smooth muscle.4 It also contributes to acute and subacute inflammatory changes such as increased vascularity, increased mucosal and capillary permeability with cellular infiltration, and increased bronchial glandular secretions. 13 Many of these effects have also been reported to occur after shortterm or long-term exposure to cigarette smoke. '4 Thus mast cell activation with histamine release might be an important mechanism whereby the immediate and possibly also the chronic effects of smoking on the airways are mediated. Guerzon et al8 have reported that in the lungs of the monkey Macaca fasicularis 17% of the total mast cell population is located in the parenchyma and 83% in the conducting airways, their number increasing from the central to the peripheral airways. On the assumption that the distribution of mast cells in human airways is similar, this might explain why the peripheral airways show earlier and more serious effects of smoking than the central airways.
The effect of hypoxia on mast cells is also relevant to the present findings. It has been shown that there is periarterial mast cell degranulation with release of histamine in acute alveolar hypoxia,'5 while mast cell hyperplasia has been shown in chronic hypoxia in animals'6 1 ' and in human fibrotic lung disorders.'8
In smokers with peripheral airway narrowing, impairment of gas exchange and hypoxaemia due to ventilation-perfusion imbalance may be present. '9 In fact, hypoxaemia has been found even in young symptomless smokers.20 Thus one of the long-term effects of smoking could be an increase in mast cell density and therefore potential for histamine release in the lung. This study was supported by a grant from the Indian Council of Medical Research, New Delhi.
Addendum
Since this paper was accepted, our attention has been drawn to a paper by Neurman et at (Respir Physiol 1980; 40:191-8) on the distribution of mast cels.
